INTRODUCTION
The postmortem observations of Green, published in the Lancet in 1836, were the fi rst to describe the distinct pathological features of tuberculous meningitis and set it apart from the other recognised causes of 'acute hydrocephalus' (Green 1836). The challenge for the physician then lay in distinguishing the disease before death, and delivering the grave prognosis. Thomas Mann captures the full horror of this process in Dr Faustus as the helpless Dr Kurbis presides over the agonizing death of a small child from tuberculous meningitis:
The whole thing lasted scarcely two weeks, including the earliest signs that all was not quite well with the child; from the beginnings no one -I believe no one at all -even dreamed of the horror to come … Kurbis tested the child's eyes, the pupils of which were tiny and showed a tendency to squint. The pulse raced. Muscular contractions developed, and an incipient rigidity of the neck. It was cerebrospinal meningitis, infl ammation of the meninges. The good man pronounced the name with a deprecating movement of the head shoulderwards, probably in the hope that they might not know the almost complete powerlessness of medical science in the face of this onslaught. Tuberculous meningitis was invariably fatal before the advent of anti-tuberculosis chemotherapy. Therefore, the need to diagnose the disorder became a priority after streptomycin was found to reduce mortality of tuberculous meningitis by one third in 1948 (MRC 1948) . Progress was rapid over the next 5 years: adding para-aminosalicylic acid to streptomycin reduced mortality to 30%, and the addition of isoniazid to both of these compounds lowered the mortality still more to around 20% (Lorber 1960) . Sadly, since the introduction of isoniazid in 1952, the mortality from tuberculous meningitis has altered little. The decline of tuberculosis in the developed world over this period reduced the pressure to discover new drugs and diagnostic methods. As a consequence, in 2002 the optimum drug regimen for treating tuberculous meningitis has not changed since the discovery of rifampicin and pyrazinamide more than 30 years ago, and the best rapid diagnostic method is still the stain developed by Ziehl & Neelsen in 1883.
There are three major impediments to reviewing the diagnosis and treatment of tuberculous meningitis. First, much of the literature predates 1966, and therefore cannot be found through Medline. Second, only small numbers of patients have been included in trials. Third, there are few randomised trials anyway. Nevertheless, I will attempt to present the best evidence available to answer two key clinical questions: how to diagnose tuberculous meningitis, and how to treat it.
The diagnosis of tuberculous meningitis
The diagnosis of tuberculous meningitis is diffi cult regardless of the resources available to the physician. Because untreated tuberculous meningitis is almost always fatal, it is essential that any diagnostic test is sensitive. The test must also be rapid, because a poor outcome is strongly associated with delayed treatment (Kalita & Misra 1999) . At present, no diagnostic method satisfi es both these requirements. The methods available are limited, despite the wealth of possibilities suggested in the literature. Here I will concentrate on clinical diagnosis, and the laboratory methods that are commonly considered world-wide: direct cerebrospinal fl uid (CSF) examination for acid-alcohol fast bacilli, CSF culture for Mycobacterium tuberculosis, CSF adenosine deaminase activity, and the detection of mycobacterial nucleic acid in the CSF. The diagnostic place of the tuberculin skin test, chest X-ray, and brain imaging will also be mentioned.
Clinical diagnostic methods
The clinical features of tuberculous meningitis have been extensively described in a multitude of case reports and clinical series, and are similar to many subacute meningo-encephalitides. Diagnostic uncertainty commonly arises in a comatose patient presenting with a few days of headache, fever and neck-stiffness; undefi ned treatment in the community; and a lymphocytic CSF with a low glucose([ Fig. 1 ). The challenge is to decide who requires immediate antituberculosis chemotherapy.
Few studies have attempted to defi ne exactly which clinical features are predictive of the diagnosis of tuberculous meningitis. In one, fi ve presenting clinical features were found to be independently predictive of the diagnosis in 232 children: prodromal stage ≥ 7 days, optic atrophy, focal neurological defi cit, abnormal movements, and CSF leucocytes < 50% polymorphs (Kumar et al. 1999) . The authors developed a simple diagnostic rule: when at least one feature is present diagnostic sensitivity is 98%, specifi city 44%; if three or more features are present sensitivity is reduced to 55% but specifi city rises to 98%. A recent study of 251 Vietnamese adults from our hospital included basic laboratory data from CSF and blood (Thwaites et al. 2002) . Five features were predictive of tuberculous meningitis: age, length of history, blood white cell count, total CSF white cell count, and CSF neutrophil percentage. A diagnostic rule developed from these features was 88% sensitive, and 79% specifi c when applied to a further 75 adults (Table 1) . Table 1 An admission diagnostic support system for the diagnosis of tuberculous meningitis in adults (Thwaites 2002 These simple diagnostic aids may be of particular benefi t to clinicians working with limited microbiological diagnostic facilities, when the majority of adult meningitides are diagnosed and treated on clinical grounds alone. Alternatively, clinicians can use the algorithms to focus the use of specifi c laboratory diagnostic tests on patients most likely to have tuberculous meningitis.
Laboratory diagnostic methods

Direct CSF examination for acid-alcohol fast bacilli
The search for acid-alcohol fast bacilli in clinical specimens has remained the cornerstone of diagnosis ever since Robert Koch fi rst saw the tubercle bacillus in 1882. However, the demonstration of acid-alcohol fast bacilli in the CSF requires diligence and time when excellent results can be achieved, a fact that has long been recognised but often forgotten (Fig. 2 ). In 1953 Stewart described the method by which her laboratory demonstrated acidalcohol fast bacilli in 91 of 100 consecutive cases of tuberculous meningitis, all of which were subsequently confi rmed by culture (Stewart 1953) . Similar results were reported more recently by Kennedy, who found that bacilli were present in the CSF of 45/52 (87%) patients with a clinical diagnosis of tuberculous meningitis (Kennedy & Fallon 1979) . Why then do so many laboratories fi nd these results so diffi cult to reproduce? First, the sensitivity of the direct smear depends on the volume of CSF: 10-20 mL were examined by Stewart, and as many as four specimens by Kennedy. Clinicians may be reluctant to take the volumes of CSF required to make the diagnosis. Second, the laboratory must undertake a meticulous search for acid-alcohol fast bacilli. Stewart suggested a slide should be examined for between 30 and 120 min, a feat that few modern laboratories would have the staff or patience to complete.
In our hospital we recommend taking 5-10 mL CSF from all patients with suspected tuberculous meningitis. By increasing the volumes of CSF taken, and with careful microscopy, we have increased the diagnostic sensitivity of Ziehl-Neelsen staining from 10% to 70%.
CSF culture for Mycobacterium tuberculosis
Although culture of CSF for Mycobacterium tuberculosis is the diagnostic 'gold standard' for tuberculous meningitis, it takes too long for early diagnosis and treatment. The factors that govern sensitivity are the same as for direct smear. Large volumes of CSF yield greater numbers of positive cultures, and diagnostic confi rmation by culture can be extremely helpful in patients who have been started on anti-tuberculosis drugs on clinical grounds alone ( Fig. 3) . In most circumstances the sensitivity and specifi city of culture exceeds that of direct smear. However, once treatment has been started the sensitivity of culture falls quickly. Our experience in group.bmj.com on September 6, 2017 -Published by http://pn.bmj.com/ Downloaded from Vietnam suggests that only 5-10% of patients culture positive before treatment will have positive cultures after 72 h of four anti-tuberculosis drugs. Although acid-alcohol fast bacilli (presumed to be dead) can be found in the CSF for some days after the start of treatment, they will not grow in culture (Kennedy & Fallon 1979) .
CSF adenosine deaminase activity
The activity of adenosine deaminase, an enzyme produced by CD4+ lymphocytes and monocytes, is raised in the CSF of patients with tuberculous meningitis. A number of studies have evaluated this as a diagnostic assay ( Table 2 ). The enzyme activity cut-off value used by each study varied from 4 to 10 IU/mL. Diagnostic sensitivity ranges between 44 and 100%, and specifi city between 71 and 99%. There are three important problems for clinicians using this assay. First, there is no accepted diagnostic cut-off for the levels of CSF enzyme activity. Second, the assay has not been evaluated in those with HIV infection, which depletes adenosine deaminase producing T-lymphocytes and so may reduce diagnostic sensitivity. Third, patients with lymphomas, malaria, brucellosis, and pyogenic meningitides also have high levels of CSF adenosine deaminase activity. Finally, and in particular, the clinical and laboratory features of partially treated pyogenic meningitis commonly cause diagnostic confusion with tuberculous meningitis -an assay that cannot reliably discriminate between these two conditions is not useful.
The detection of Mycobacterium tuberculosis nucleic acid in the CSF
The amplifi cation and detection of Mycobacterium tuberculosis nucleic acid from clinical specimens is an attractive diagnostic prospect. Diagnostic specifi city is dependent on selecting a region of the genome unique to Mycobacterium tuberculosis, while sensitivity is enhanced by amplifi cation of the selected region from a clinical specimen. This method would appear to be particularly suitable for the diagnosis of tuberculous meningitis when there are few tubercle bacilli in the CSF and a low chance of contamination with other bacteria. However, despite the development of commercially available assays, the promise is not yet matched by consistent diagnostic performance. Table 3 shows the DNA or RNA target sequence, diagnostic gold standard, and sensitivity and specifi city from 20 studies evaluating the use of the polymerase chain reaction (PCR), and other related methods, for the diagnosis of tuberculous meningitis. The variety of targets and 'gold standard' diagnostic criteria is a major impediment to comparing these studies. Few studies have carefully compared the sensitivity of PCR, smear, and culture using large volumes of CSF. Those that have suggest the sensitivity of CSF smear is similar to PCR (Bonington et al. 2000) . However, PCR may be more helpful once treatment has begun, when the sensitivity of both smear and culture fall sharply -mycobacterial DNA remains detectable within the CSF for up to one month after the start of treatment (Donald et al. 1993) .
The variable specifi city of PCR arises for a number of reasons. False-positives may occur through cross-reaction with mycobacteria other than Mycobacterium tuberculosis, from contamination with other clinical samples, and from contaminating DNA in the laboratory. It is this lack of specifi city, rather than inadequate sensitivity, that is the main problem using this test (Noordhoek et al. 1996) . For this reason, a positive result should be placed within the clinical context before starting treatment, and laboratories must be committed to rigorous internal and external quality control of the use of the assay in different clinical specimens. This is time-consuming and expensive, and is probably only possible within defi ned diagnostic reference centres. Mann et al. (1982) Suspected TBM only TBM > 5 85% 84% Coovadia et al. (1986) Unselected TBM > 10 73% 71% Ribera et al. (1987) Unselected TBM ≥ 9 100% 99% Rohani et al. (1995) Unselected TBM > 9 100% 88% Mishra et al. (1995) TBM and partially treated TBM ≥ 5 63% 89% bacterial meningitis Lopez-Cortes et al. (1995) Unselected TBM ≥ 10 50% 96% Mishra et al. (1996) Unselected TBM ≥ 5 89% 92% Baro et al. (1996) Unselected TBM > 6.5 83% 85% Gambhir et al. (1999) Unselected TBM ≥ 8 44% 75%
TBM, tuberculous meningitis.
group.bmj.com on September 6, 2017 -Published by http://pn.bmj.com/ Downloaded from
The tuberculin skin test
The value of the tuberculin skin test for the diagnosis of tuberculous meningitis varies according to age, vaccination with BCG, nutritional status, HIV infection, and the prevalence of tuberculosis. Diagnostic sensitivity is most commonly compromised by the phenomenon of 'anergy' -the failure of those with known infection with Mycobacterium tuberculosis to respond to intradermal injection of tuberculin. These false negative results most commonly occur in the elderly, malnourished patients with disseminated tuberculous infection, and those with HIV infection. As these are the very type of individual most at risk of developing tuberculous meningitis, the problems with using the skin test are immediately apparent. Reports suggest only 20% have a positive tuberculin test (Girgis et al. 1998) . However, skin testing may be more useful in children: in one South African series, a reported 86% had greater than 15 mm of induration with 5 Units of tuberculin (Donald et al. 1998) .
Positive results must also be seen within the context of the tuberculosis prevalence in the area. Individuals with an unrelated illness from high prevalence areas are more likely to have a positive test. The clinician must appreciate these limitations before over-interpreting the results of a skin test. The test is never diagnostic of tuberculous meningitis, but it can be helpful when assessing the likelihood of disease.
The chest X-ray and brain imaging About half the patients with tuberculous meningitis have a chest X-ray that suggests active or previous pulmonary tuberculosis (Girgis & Sultan 1998) . But, in areas of high tuberculosis prevalence, radiological evidence of previous pulmonary infection is common, and the fi nding must be interpreted with caution. A small proportion of patients with tuberculous meningitis (5-10%) have a miliary chest X-ray appearance (Fig. 4) .
A number of studies have investigated the role of brain CT -hydrocephalus and contrast enhancing exudates in the basal cisterns are Kaneko et al. (1990) MBP64 Clinical 83% 100% Shankar et al. (1991) MPB 64 Clinical 65% 88% Machado et al. (1994) 65KDa antigen Clinical 70% 100% MPB 64 Clinical 83% 92% Folgueira et al. (1994) IS6110 Clinical 100% 100% Liu et al. (1994) MPB 64 the most common fi ndings ( Fig. 5 ) (Bhargava et al. 1982; Bullock & Welchman 1982; Teoh et al. 1989; Hsieh et al. 1992; Kumar et al. 1996; Ozates et al. 2000) . However, as autopsy studies have also shown, hydrocephalus is more common in children than adults: brain CT demonstrates severe hydrocephalus in 87% of children, but only 12% of adults (Bhargava & Gupta 1982) . Kumar and Kohli compared the CT appearances of 94 children with tuberculous meningitis and 52 with pyogenic meningitis. Basal meningeal enhancement or tuberculoma, or both, was 89% sensitive and 100% specifi c for the diagnosis of tuberculous meningitis (Kumar & Kohli 1996) . Teoh and Humphries even suggested 'a normal scan in a drowsy patient excludes the diagnosis of tuberculous meningitis' (Teoh & Humphries 1989 ). However, this is probably untrue, particularly in adults, because in a recent series the scan was normal in 35 of 289 (12%) patients with tuberculous meningitis and not all were fully conscious. The abnormalities in this series were hydrocephalus (80% of children, 43% of adults), parenchymal enhancement (26% of children, 8% of adults), contrast enhancement of basal cisterns (15% of children, 23% of adults), cerebral infarct and focal or diffuse brain oedema (14% of children, 13% of adults), and tuberculoma (4% of children, 7% of adults) (Ozates & Kemaloglu 2000) . Magnetic resonance imaging (MRI) may provide more diagnostic information than CT when assessing space-occupying lesions, infarcts, and the extent of the infl ammatory exudate (Tartaglione et al. 1998 ). However, data on the diagnostic sensitivity and specifi city of MRI for tuberculous meningitis are limited -those studies that do exist are small, and only include a highly selected patient population. However, MRI is probably more sensitive than CT for detecting the diverse intracranial pathology of tuberculous meningitis. But neither investigation will reveal appearances specifi c for tuberculous meningitis group.bmj.com on September 6, 2017 -Published by http://pn.bmj.com/ Downloaded from -cryptococcal meningitis, cytomegalovirus encephalitis, sarcoidosis, meningeal metastases, and lymphoma may all produce similar fi ndings on brain imaging.
THE MANAGEMENT OF TUBERCULOUS MENINGITIS
The outcome of tuberculous meningitis remains poor, despite the availability of highly effective chemotherapy against pulmonary tuberculosis. Many recent series report mortality greater than 20%, and severe neurological sequelae in approximately 30% of survivors (Hosoglu et al. 2002; Girgis & Sultan 1998) . The factors infl uencing prognosis have been defi ned by a number of studies. All attest to the importance of early treatment before the onset of coma. A recent retrospective study of 434 Turkish adults revealed convulsions, coma, and delayed or interrupted treatment to be independent predictors of mortality. Extra-meningeal tuberculosis, cranial nerve palsy, focal weakness, multiple neurological abnormalities, and drowsiness independently predicted later neurological disability (Hosoglu 2002) . The message is simple: do not delay treatment in those in whom the diagnosis is suspected, although the limitations of current diagnostic methods will result in many patients starting treatment without a confi rmed diagnosis.
Anti-tuberculosis chemotherapy
The drugs
The treatment of tuberculous meningitis follows the model of short course chemotherapy for pulmonary tuberculosis -an intensive phase of treatment, followed by a continuation phase. But, unlike pulmonary tuberculosis, the optimal drug regimen and duration of each phase are uncertain. The British Thoracic Society (BTS 1998), the Infectious Diseases Society of America, and the American Thoracic Society (ATS 1994) recommend that all patients start on isoniazid, rifampicin, and pyrazinamide, although neither rifampicin nor pyrazinamide have been shown to improve outcome or reduce duration of treatment for tuberculous meningitis. Isoniazid is believed to be critical because it penetrates the CSF freely and has potent early bactericidal activity.
Choosing the fourth drug of the intensive phase is more diffi cult. The BTS recommend either streptomycin or ethambutol, although neither penetrates the CSF well in the absence of infl ammation, and both can produce signifi cant adverse reactions (see below). Streptomycin should not be given to those who are pregnant or have renal impairment. Intra-thecal streptomycin is no longer used, although this route of administration is being revisited for the treatment of multidrug resistant cases. Some centres, notably in South Africa, advocate ethionamide, which penetrates healthy and infl amed meninges (Donald & Seifart 1989) . However, despite theoretical attractions, there are no data demonstrating any clear advantage of one drug over another. The prevalence and patterns of drug resistance may infl uence the choice of drug. For example, streptomycin resistance is common in Vietnam, particularly in the HIV population, and ethambutol is favoured as a consequence.
Isoniazid and rifampicin should be given for the continuation phase of treatment. Although there are no data to suggest pyrazinamide improves outcome, some authorities suggest it should accompany these drugs given the high CSF concentrations achieved throughout the course of the disease (Humphries 1992 (Crofton et al. 1997) . There are no equivalent recommendations for multidrug resistant tuberculous meningitis, and few data are available on the CSF penetration and effectiveness of possible agents. Ethionamide, prothionamide and cycloserine have been reported to penetrate the blood-brain barrier and may be effective. The combination of intrathecal amikacin and levofl oxacin has also been suggested (Berning et al. 2001) . Until more data become available, the treatment of patients with multidrug resistant tuberculous meningitis should be guided by drug resistance profi les in individual patients, and the predicted CSF penetration of candidate drugs.
The dose
The BTS recommendations for the dosages of the standard anti-tuberculosis drugs are shown in Table 4 . Some authors have suggested using doses of isoniazid greater than 5 mg/kg for the treatment of tuberculous meningitis (Humphries 1992) . The potent early bactericidal effect of isoniazid, and the uncertain CSF penetration of other drugs in the standard regimen, makes this an attractive suggestion. However, at standard doses isoniazid achieves CSF levels 10-15 times the minimum inhibitory concentration of Mycobacterium tuberculosis (Kaojarern & Supmonchai 1991) , and there are no data to suggest higher doses improve outcome or shorten treatment in adults with tuberculous meningitis.
Duration
Tuberculous meningitis should be treated for at least 6 months. However, it is unclear whether more prolonged treatment is required. The BTS recommend 12 months in uncomplicated cases, extending to 18 months should pyrazinamide be omitted (BTS 1998) . Treatment for 12 months is probably an over-estimation of the time required for bacterial cure, and there is some evidence to suggest shorter courses are effective. A recent systematic review concluded that 6 months of anti-tuberculosis drugs for tuberculous meningitis is probably suffi cient, provided the likelihood of drug resistance is low (van Loenhout-Rooyackers et al. 2001) . Disease severity, drug toxicity and patient compliance should all be considered when deciding the duration of treatment. Although 6 months of treatment is probably effective for most patients, in Vietnam we use four drugs for 3 months, followed by three drugs for another 6 months. Treatment is extended in those unable to tolerate the fi rst-line drugs, and those with persistent symptoms, signs and infl ammatory CSF changes after 9 months of treatment.
Adjunctive corticosteroids
Corticosteroids for the treatment of tuberculous meningitis are still controversial. A recent Cochrane review included six randomised trials involving a total of 595 patients (Prasad et al. 2000) . Those receiving corticosteroids had a lower death rate (relative risk 0.79, 95% CI 0.65 to 0.97) and a reduced risk of death or severe neurological sequaelae (relative risk 0.58, 95% CI 0.38 to 0.88). Subgroup analysis suggested a benefi cial effect on mortality in children, but inconclusive results in adults partly due to the small numbers of adult patients. The reviewers concluded that adjunctive corticosteroids may be of benefi t in patients with tuberculous meningitis, but the evidence is limited. The existing studies are small with poor allocation concealment, and publication bias may account for the results favouring corticosteroids.
There are no conclusive data regarding the choice of corticosteroid, dose or duration of treatment. A reduction in mortality has been suggested using either prednisolone or dexamethasone for at least the fi rst 3 weeks of antituberculosis chemotherapy, followed by a similar period, as the dose is decreased to zero (Girgis et al. 1991; Schoeman et al. 1997 
Response to treatment
Ninety percent of deaths from tuberculous meningitis occur in the fi rst month of treatment (Girgis & Sultan 1998) . The response to treatment is usually slow, and the patients may fl uctuate. Indeed, a rapid and sustained response over a few days suggests the diagnosis is wrong. Headache often persists for many weeks, even in uncomplicated cases. Fever rarely disappears within a week, and frequently lingers for 6-8 weeks. The degree of neck rigidity at presentation varies considerably, but can take 4-6 weeks to resolve. The CSF mirrors the slow clinical response -cell counts are raised for 1-2 months, glucose remains low for a similar period, and total CSF protein can rise before falling slowly over many months .
Transient episodes of high fever, worsening headache, and increased neck rigidity can occur during the fi rst two months of treatment, particularly in those with more severe disease. Distinguishing self-limiting events from the onset of more serious complications is diffi cult. In our experience, new focal neurological signs, or a fall in conscious level, rarely accompany these transient deteriorations. Brain imaging should be arranged urgently if new clinical signs develop during treatment. Hydrocephalus, cerebral infarction, the expansion of intracranial tuberculoma, and poor adherence to therapy, are the foremost reasons for severe acute deterioration.
Relapse, paradoxical treatment reactions, and adverse drug events
There are many reasons for clinical deterioration after the onset of appropriate chemotherapy for tuberculous meningitis (Table 5 ). Paradoxical treatment reactions are a well-recognised phenomenon in all forms of tuberculosis. Although the pathogenesis remains unclear, such reactions are characterised by an intense infl ammatory response. Data on the frequency and timing of these events in tuberculous meningitis are restricted to occasional case reports. The expansion of intracranial tuberculoma after the start of anti-tuberculosis drugs is the most widely reported example, and can occur at any time during treatment (Afghani & Leiberman 1994) . Most authors suggest treatment with prolonged high-dose corticosteroids, although there are no controlled trials to support this recommendation.
Adverse reactions to anti-tuberculosis drugs are a common problem, and can have a devastating effect on the outcome. Table 6 presents the common, the rare, and the neurological adverse reactions to the main anti-tuberculosis drugs. Hepatic toxicity is the most important. The BTS recommend stopping isoniazid, rifampicin and pyrazinamide immediately if the transaminases rise to fi ve times normal, or the bilirubin level rises (BTS 1998) . In most forms of tuberculosis a short period without treatment does not affect outcome. Unfortunately, treatment interruptions of this type in tuberculous meningitis are an independent predictor of death as they often lead to relapse with neurological deterioration (Hosoglu 2002) . Streptomycin and ethambutol should both be given in these circumstances, and isoniazid and rifampicin restarted as soon as possible. Treatment should be extended if the patient cannot adhere to the conventional ninemonth regimen Neurosurgery Neurosurgical intervention may be indicated for the following complications of tuberculous meningitis: hydrocephalus, tuberculoma and abscess formation. Unfortunately, there are no published randomised trials of surgery for any of these complications. Hydrocephalus occurs more commonly in children than adults, but
EARLY DETERIORATION (1-3 MONTHS) LATE DETERIORATION (3-12 MONTHS) Prescription error
Prescription error Poor patient compliance Poor patient compliance Drug reaction requiring either reduction Paradoxical treatment reactions in dose, or withdrawal of all or some of the drugs (see Table 6 ) Paradoxical treatment reactions Table 5 Common reasons for clinical deterioration in patients with tuberculous meningitis group.bmj.com on September 6, 2017 -Published by http://pn.bmj.com/ Downloaded from is the commonest reason for neurosurgical referral in both groups. A recent series reported that ventriculo-peritoneal shunting was performed in 30% (65/217) of children with hydrocephalus complicating tuberculous meningitis (Lamprecht et al. 2001) . After 6 months of treatment, 12% had died, and 45% had severe sequelae. It is diffi cult to predict which patients with hydrocephalus will benefi t from shunts. Clinical response to external ventricular drainage has been assessed for this purpose, but failed to predict benefi t, so perhaps early ventriculo-peritoneal shunting should be considered in all patients with hydrocephalus (Palur et al. 1991; Mathew et al. 1998) . But this aggressive approach does not acknowledge the signifi cant complications of shunt surgery, the variable resources and experience of surgical units, and the lack of trials demonstrating any benefi t.
CONCLUSIONS
• The early diagnosis and treatment of tuberculous meningitis saves lives. • Microscopy for acid-alcohol fast bacilli is still the best rapid diagnostic test, although the sensitivity depends on the volume of CSF examined.
• Treatment with four drugs should begin as soon as possible. • Adjunctive corticosteroids should be considered for patients presenting in coma. • Brain imaging should be performed if the patient deteriorates, and the complications of hydrocephalus, infarction, and tuberculoma considered. A neurosurgical opinion should be sought in those with hydrocephalus who are failing medical therapy. Table 6 Adverse reactions to anti-tuberculosis drugs (BTS 1998; Holdiness 1987) group.bmj.com on September 6, 2017 -Published by http://pn.bmj.com/ Downloaded from
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